Purpose
Computed tomography (CT) and magnetic resonance imaging (MRI) are mainly used for making a differential diagnosis of brain tumors. They provide morphological information, and it is sometimes difficult to predict the pathological grade based on morphological information alone. Single photon emission computed tomography (SPECT) can provide important functional/metabolic information, such as details regarding the tumor activity, cell proliferation and blood flow. Tl) SPECT has been widely used in tumor imaging in the brain, soft tissue 1) , thyroid gland, lung and bone. With brain tumors, it has been used for tumor localization 2)3)
, the grading of tumor malignancy and differentiation of tumor recurrence from radiation necrosis 4)5)6)
. Semi-quantitative assessment using the retention index (RI) has been reported for the grading of brain tumor malignancy 7)8) .
The aim of this study was to evaluate the usefulness of visual and semi-quantitative assessment using 201 Tl-SPECT in differentiating benign from malignant brain tumors.
Methods and Materials
Patients:
Patient data is shown in Table 1 . 201 Tl-SPECT studies were performed on 88 patients with brain tumors (44 males and 44 females, aged between 3 and 80 years old, mean 55) between September 2005 and February 2011. Fifty-eight of the 88 lesions were highgrade (WHO grade III-IV) tumors and 30 were low-grade (WHO grade I-II) tumors. Eightyfive tumors were histologically confirmed in accordance with WHO directives 9) , 3 lesions were clinically diagnosed as meningiomas. The most common high-grade tumor was a glioblastoma (39), while most low-grade tumors were meningioma (11) . 201 Tl-SPECT:
SPECT was obtained during early (15 min) and delayed (3 h) phases after the intravenous injection of 60 -111MBq 201 Tl-Cl.
(1) Visual assessment First, the tumors were classified in two groups (Tl-positive and Tl-negative) by 2 boardcertificated radiologists. Second, 3 board-certificated radiologists (two double-board (diagnostic radiology and nuclear medicine)) scored the SPECT images in the Tl-positive group using a five grade evaluation system (1; benign, 2; maybe benign, 3; do not know either, 4; maybe malignancy, 5; malignancy). They did not use MRI and CT images and evaluated only the early and delayed phase of 201 Tl-SPECT. A receiver operating characteristic curve (ROC) analysis was performed.
The readers noticed the following facts.
• 201 Tl-SPECT of brain tumors.
• High Tl-uptake is observed in malignant tumors during both the early and delayed phase. Wash-out in delayed phase is low. • Tl-uptake is low to moderate in benign tumors other than meningioma. • Meningioma can show high early Tl-uptake and wash-out in delayed phase.
The readers were blinded to;
• Final diagnosis (pathological and clinical) •
Patient population including the number of lesions in each group
(2) Semi-quantitative assessment (Figure 1 )
The early and delayed 201 Tl uptake were measured. Regions of interest (ROIs) of the tumors were manually placed over the area showing the greatest activity on MRI for reference. ROIs of normal brain parenchyma were placed over the contralateral regions. The ROIs of normal brain parenchyma were set in the anterior -posterior region in the same slice of midline lesions. The early and delayed 201 Tl uptake ratios were calculated, and RI was applied as: RI=delayed uptake ratio (DR)/early uptake ratio (ER). RI is usually calculated by using the mean value of the lesions (L) and background (BG) on the ROI. That method shows that RI=Lmean/BGmean. This study calculated three combinations of RI using the mean and maximum values of ROI: RI=Lmean/BGmean, R=Lmax/BGmax and RI=Lmax/BGmean. Table 1 © Radiology, Tokushima University Hospital -Tokushima/JP 
Results
(1) Visual assessment Seventy-four tumors were classified as Tl-positive and 14 as Tl-negative. The Tl-negative tumors are shown in Table 2 . Ten of the 14 Tl-negative tumors were low-grade tumors (grade#-#), and 4 were high-grade tumors (grade#).
The ROC curve for the visual assessment by scoring is shown in Figure 2 . The area under the curve (AUC) estimated by 3 board-certificated radiologists exceeded 0.7. Reader B and C are double-board-certificated (diagnostic radiology and nuclear medicine) radiologists. The years of experience of B as a radiologist are longer than C. The value estimated by the more experienced radiologist was greater.
(2) Semi-quantitative assessment
The results are shown in Figures 3-6 . There was a statistically significant difference in the RI of high-grade tumors and low-grade tumors. A cut-off value of 0.6 for the RI has
The distribution of 201 Tl is related to the blood-brain barrier (BBB) permeability, regional blood flow, cell proliferation and Na-K ATPase 10)11)
. 201 Tl uptake in the tumors on early images depends on BBB dysfunction and increased regional blood flow. This occurs via a mechanism similar to Gd-DTPA enhancement of MRI. The accumulation of 201 Tl in malignant tumors was usually high in the early phase. However, 4 high-grade tumors (grade#) demonstrated no accumulation of 201 Tl. Three of 4 high-grade tumors with no accumulation of 201 Tl showed no Gd-DTPA enhancement of MRI. A very small malignant lesion close to the calvarium was underestimated as Tl-negative because of space resolution of SPECT and normal physiological uptake in the skull.
The ROC analysis of the visual assessment by scoring showed that the accuracy for differentiating benign from malignant tumors using only 201 Tl-SPECT was more than 70% by all readers, and was higher in the more experienced physician. All readers overestimated 4 low-grade tumors as high-grade (3 meningiomas and 1 central neurocytoma). All of those tumors had a strong accumulation of 201 Tl in the early and delayed phase. Takeda et al. 12) reported that an atypical meningioma (WHO grade#) clinically behaves like a malignant tumor. MIB1 and vascular endothelial growth factor (VEGF) expression correlate with the aggressive nature of tumors. The delayed Tl index of atypical meningioma is significantly higher than that of the other pathological types.
There is a significant correlation between Tl uptake index in the delayed image and the MIB1 labeling index. Meningiomas that are strongly positive for VEGF demonstrate a significantly higher Tl uptake in both the early image and the delayed image in comparison to meningiomas that are weakly positive for VEGF. MRI is helpful to differentiate meningioma from other tumors when the tumor shows high Tl uptake in both the early and delayed phase, using the typical MRI findings of a meningioma.
The results of the semi-quantitative assessment showed that the difference of RI between high-grade tumors and low-grade tumors was statistically significant in all RIs. A more accurate result was obtained when the background (BG) used the mean value of the ROI. The Tl uptake value was underestimated by the mean value of ROI when the lesion (L) includes an area of necrosis and a cystic lesion inside tumors. Some studies have set the cut-off value to 0.7 to differentiate malignant from benign brain tumors 13) . The sensitivity was 85.2% and the specificity was 50% when the cut-off value was set as 0.6 for the RI in the current study.
A visual and semi-quantitative assessment of 201 Tl-SPECT is useful for differentiating benign from malignant brain tumors.
